cause of its well-established physiological role in, for genes was found to represent the junction area of chimeric Aph-1b#/b ( Figure 1C ). These results suggest that example, behavioral and HPA axis regulation (McEwen, 2002) , the neurochemical differences observed in APOan unequal crossing over (nonallelic homologous recombination) between the identical regions around ex-SUS and -UNSUS hippocampus (Ellenbroek and Cools, 2002), and the relative ease of its dissection. The time ons 5 and 5# (direct repeats) resulted in three in tandem Aph-1b-related copies (region III) and chimeric Aph-1b#/b point PND 9 was chosen because exposing APO-UNSUS pups to a severe stressor at this stage causes the most (region I) ( Figure 1D ). dramatic effect on brain information processing later on in life (Ellenbroek et al., 1998). At PND 60, the rats are Expression of Aph-1b and the Other ␥-Secretase just past their puberty and considered to be young ern blot analysis confirmed the quantitative RT-PCR data for hippocampus ( Figure 2B ) and furthermore showed, relative to PND 9 APO-UNSUS rats, clearly reThe Aph-1b Gene in APO-SUS and -UNSUS Rats duced levels of Aph-1b-related mRNA expression in all We next considered the possibility that the different other PND 9 APO-SUS (I/I) tissues tested ( Figure 2C ).
Components in APO-SUS and -UNSUS Rats

Aph-1b mRNA expression levels in APO-SUS and
We were unable to reliably detect the Aph-1b protein, -UNSUS were the result of a genomic DNA mutation.
in line with the inability of others to detect this sevenDatabase searches revealed that the rat (on chromotransmembrane protein (Gu et al., 2003) and despite the some 8q24) and mouse (on chromosome 9c) contain in fact that we generated two additional antibodies tandem two Aph-1b-related copies (designated here as against two computationally selected and previously Aph-1b and Aph-1b# with -1b downstream of -1b#), not chosen rat Aph-1b peptide regions. each consisting of six exons and spanning w20 kb and Besides Aph-1b and its paralog Aph-1a, the γ-secreseparated by w24 kb. The single human Aph-1b gene tase complex is presently thought to consist of three (on chromosome 15q21.3) consists also of six exons, other physically interacting components, namely the spans w28 kb, and represents the ortholog of rat/mouse putative enzymatic core multipass transmembrane proAph-1b. Computational approaches to define potential tein presenilin-1 or -2, the type I integral membrane preintron-exon structure, comparative (rat/mouse) nucleosenilin-associated glycoprotein nicastrin, and the small tide sequence analysis, and EST database searches double membrane-spanning protein Pen-2 (Fortini,  gave . Quantitaintergenic region of Aph-1b and -1b#. Southern blot and tive RT-PCR revealed that in the hippocampus of PND PCR analyses of genomic DNA revealed that all APO-9 APO-UNSUS, and APO-SUS (II/II), (II/I), and (I/I), the UNSUS tested (n = 93) contained three Aph-1b-related mRNA levels of Aph-1a, presenilin-1 and -2, nicastrin, copies (here referred to as region III; Figure 1A ), namely and Pen-2 were not significantly different or only Aph-1b#, chimeric Aph-1b/b# (consisting of exons 1-5 slightly affected ( Figure 3A) . Moreover, no significant of Aph-1b and exon 6# of Aph-1b#) and Aph-1b. Of 151 differences in the protein levels of these γ-secretase APO-SUS genotyped, 26% were homozygous for the components were observed in the hippocampus of duplicated genes (II/II), and 24% were homozygous for PND 9 APO-UNSUS and -SUS rats ( Figure 3B ). chimeric Aph-1b#/b (consisting of exons 1#-5# of Aph1b# and exon 6 of Aph-1b) (I/I), whereas the remaining 50% were heterozygous harboring both the duplicated Cleavage Activity of the ␥-Secretase Enzyme in APO-SUS and -UNSUS Rats genes and chimeric Aph-1b#/b (II/I) ( Figure 1A) . Interestingly, we found that the first established APOTo examine the effect of the differential Aph-1b expression on γ-secretase enzyme activity, we performed UNSUS and -SUS lines (Ellenbroek et al., 2000) displayed the same genotypes (i.e., all of the original APOWestern blot analysis of the cleavage products of the γ-secretase substrates amyloid-β precursor protein UNSUS tested were III/III, while all APO-SUS were II/II, II/I, or I/I), indicating that the replication of the original APP, p75 neurotrophin receptor (p75NTR), and neuregulin receptor ErbB4 in PND 2 APO-SUS (I/I) and APO-APO-SUS/-UNSUS lines had resulted in the same Aph1b genotypic distribution.
UNSUS (III/III) rat brain tissues (Figure 4 ). Since the ratios of the Aph-1b and Aph-1a mRNA levels greatly vary A comparative nucleotide sequence analysis of rat Aph-1b and -1b# showed a low degree of identity, examong rat tissues (data not shown), we decided to study tissues with a high Aph-1b/-1a mRNA ratio (pons/ cept for the regions surrounding exons 5 and 5#, and exons 6 and 6# ( Figure 1B) . A region of 1106 nucleotides medulla, ratio w3.8; olfactory bulb, ratio w2.9) as well as tissues with a low ratio ([hypo]thalamus, ratio w0.9; containing exon 5/5# and identical between the two cerebellum, ratio w0.7). The first substrate examined tory bulb of the I/I compared to the III/III rats (3.0-fold) and not in the other three tissues. Thus, the reduced was the C-terminal fragment of APP (APP-CTF, also referred to as C83/C99), a well-defined direct γ-secretase expression of Aph-1b in the APO-SUS (I/I) rats has decreased γ-secretase cleavage activity in a tissuesubstrate (De Strooper et al., 1998). No differences in the levels of APP-CTF were observed in the tissues dependent manner, i.e., only in tissues in which normally a high Aph-1b/-1a ratio occurs (pons/medulla with a low Aph-1b/-1a ratio (cerebellum and [hypo]thalamus), while a significant increase was detected in the and olfactory bulb) could significant changes in activity be detected. olfactory bulb and pons/medulla (2.1-and 2.7-fold, respectively) of I/I compared to III/III rats. This finding indicates that γ-secretase cleavage activity was reBehavioral Phenotypes of the I/I, II/II, and III/III Rats We next wondered whether the I/I, II/II, and III/III genoduced in the APO-SUS (I/I) rats in tissues that normally express relatively high Aph-1b levels (olfactory bulb and types segregated with specific behavioral phenotypes and therefore performed a set of behavioral studies pons/medulla). Cleavage by γ-secretase of the C-terminal fragment of p75NTR (p75NTR-CTF) yields the p75NTR with adult rats of the three sublines. We first tested the susceptibility of the three lines for apomorphine by intracellular domain (p75NTR-ICD; Kanning et al., 2003). No major differences in the amounts of p75NTR-scoring their gnawing responses and found that the III/ III rats (32 ± 20 gnaws per 45 min) were significantly ICD were found in the cerebellum, (hypo)thalamus, and pons/medulla, whereas in the I/I rats the levels of this less susceptible for the drug than the II/II and I/I rats (1141 ± 189 and 1370 ± 99 gnaws per 45 min, respecproduct were significantly reduced in the olfactory bulb (1.7-fold). Similarly, the levels of the third γ-secretase tively; Figure 5A ). We then examined the explorative behavior of the three sublines on a large open field. III/III substrate tested, the C-terminal fragment of ErbB4 (ErbB4-CTF), were significantly increased in the olfacrats habituated significantly faster (605 ± 76 s) than II/ to have a multifactorial background.
Rats were bred and reared in the Central Animal Facility of the Radboud University Nijmegen under approved animal protocols Experimental Procedures
and in accordance with institutional guidelines. Systemic administration of apomorphine (1.5 mg/kg s.c.) was used For mRNA expression profiling, hippocampi were dissected from to select rats with a high or low susceptibility to this drug (APOfresh brains of PND 9 and PND 60 APO-SUS and -UNSUS rats, and the tissues were frozen in liquid nitrogen. Furthermore, hippocampi SUS and APO-UNSUS rats, respectively); the behavior was quanti-were isolated from PND 60 APO-SUS and -UNSUS rats 3 hr after from start ATG. All PCR products were generated over intronexon boundaries. they were injected with apomorphine (1.5 mg/kg, s.c.). Total RNA was prepared with the Trizol reagent (Gibco BRL Life Technologies), and RNAs from five hippocampi were pooled and used in Genomic DNA Analysis the microarray analyses. The PND 9 hippocampal samples were APO-SUS and -UNSUS rats were genotyped by extensive Southern analyzed using Affymetrix high-density oligonucleotide arrays (Rat blot analysis and PCR screening of genomic tail DNA (primers and Genome Set U34A containing w7000 full-length sequences and conditions available on request). Comparative analysis of the nuw1000 EST clusters randomly selected from Rattus norvegicus dacleotide sequences of rat Aph-1b and -1b# was performed with tabase sequences) according to the manufacturer's recommendaVector NTI. The nucleotide sequences surrounding exons 5 and 5# tions. Briefly, total RNA was purified on RNeasy columns (Qiagen), of Aph-1b and -b#, respectively, and of the junction area within chiand 20 g RNA was reverse transcribed (Superscript II; GibcoBRL meric Aph-1b#/b, were determined by PCR analysis of genomic Life Technologies) using a T7-dT24 primer (GenSet). Following se-DNA from APO-UNSUS and -SUS (II/II) and (I/I) rats using specific cond-strand synthesis, the double-stranded cDNA was used in an primers and subsequent nucleotide sequence analysis of the PCR in vitro transcription reaction to generate biotinylated cRNA. Puriproducts. closed arms (10 × 50 cm). Each rat was placed in the center of the 60°C, and 1 min at 72°C. b-actin was amplified from all samples to plus maze facing a closed arm, and the rat was allowed to explore normalize expression. A control (no template) was included for the maze for 5 min. each primer set. Data sets were analyzed with Sequence Detection System 1.3 software. Statistics The following primers were used: Aph-1b-related (448-671), 5#-Data are presented as mean ± SEM. Statistical evaluation was per-GTGATTCTCCTCAGTTCTTCCTTAATTC and 5#-GCCCATGAGCAC formed using one-way analysis of variance (ANOVA) followed by CATGATTATAT; Aph-1a-related (547-670), 5#-AGAGGAGACGGTAC a Bonferroni t test where three groups were compared. For the TGGGCTTT and 5#-ATGGAAACGGTGACTGCATAGA; presenilin-1 comparison of two groups, the Student's t test was employed. Val-(259-378), 5#-GTTCCTGTGACCCTCTGCATG and 5#-GCCTACAGT ues of p < 0.05 were considered statistically significant. CTCGGTGTCTTCTG; presenilin-2 (1093-1218), 5#-GGAGACTTCAT CTTCTACAGCGTTCT and 5#-GAGCAGCAGGAGGGTGAGAC; nicastrin (504-622), 5#-TGGCTTGGCTTATGACGACTT and 5#-TCGGT
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